Young Stellar Objects (YSOs) in the early evolutionary stages are very embedded, and thus they emit most of their energy at long wavelengths such as far-infrared (FIR) and submillimeter (Submm). Therefore, the FIR observational data are very important to classify the accurate evolutionary stages of these embedded YSOs, and to better constrain their physical parameters in the dust continuum modeling. We selected 28 YSOs, which were detected in the AKARI Far-Infrared Surveyor (FIS), from the Spitzer c2d legacy YSO catalogs to test the effect of FIR fluxes on the classification of their evolutionary stages and on the constraining of envelope properties, internal luminosity, and UV strength of the Interstellar Radiation Field (ISRF). According to our test, one can mis-classify the evolutionary stages of YSOs, especially the very embedded ones if the FIR fluxes are not included. In addition, the total amount of heating of YSOs can be underestimated without the FIR observational data.
INTRODUCTION
Stars are born in their parental molecular cloud cores through gravitational contraction. After the gravitational collapse begins, a protostar with its circumstellar disk forms at the center of the collapsing core. Although the protostar/disk system is embedded in the dense infalling envelope at the early phase of evolution of star, the envelope gradually disappears as the protostar evolves to the main-sequence star. The Spectral Energy Distribution (SED) of a Young Stellar Object (YSO) is contributed by the protostar at Near-Infrared wavelengths whose temperature ranges from 2000 K to 4000 K, the disk at Mid-Infrared (MIR) wavelength which has a temperature gradient with radius, and the envelope at Far-Infrared (FIR, 40 < λ < 350 µm) or Submillimeter (Submm, λ ≥ 350 µm) wavelengths. Therefore, the analysis of the SED of a YSO can provide a way to identify the evolutionary stage of the YSO. In the SED analysis, however, we need to understand the effect of the interstellar radiation field (ISRF) since the envelope is heated by the ISRF as well as the internal source luminosity.
There is a commonly known scheme classifying the evolutionary stages of YSOs based on the shape of the SED of a YSO (Lada 1987; André et al. 1993) . In this proposed scheme, the Class 0 object is in the earliest stage after the collapse begins. The Class 0 object already harbors a central heating source, but most of the mass is still in the dense envelope of gas and dust. Therefore, all emission from the central source is reprocessed through the envelope, which is almost isothermal with T∼30 K .
Class I object is still heavily embedded, but emission from the central protostar and disk escapes through the outflow cavities. As a result, the peak of the SED shows at MIR wavelengths.
As the envelope material accretes to the central star through the disk and/or is cleared out by the outflows, the protostar/disk system becomes the dominant mass reservoir. Therefore, Class II objects are less embedded and have the emission excesses at near and mid-infrared wavelengths by dusty disk. The Class III objects emit energy mainly from central protostars and have only a small amount of gas in disks. The Class II and the Class III are often classified as classical T Tauri Stars and weak-line T Tauri stars, respectively (White et al. 2007) .
As mentioned, in the early embedded phases, the radiation from central source undergoes the absorption/reemission processes by the heavy envelope. As a result, significant energy is emitted at FIR wavelengths. André et al. (2000) noted that deeply embedded Class 0, whose energy peak is located at beyond 100 µm, were often missed by IRAS observations unlike the Class I objects, which reveal the peak energy emission at the wavelength from 12 to 100 µm. Therefore, the FIR data are crucial to study the evolutionary stages of embedded sources.
The envelope is also heated by the ISRF so that the SED at FIR and Submm is affected by the energy in-put from the ISRF as well as the central source. Since the heating from the ISRF also affects the total luminosity of a YSO and the shape of the dust temperature profile, it is very important to constrain the strength of the ISRF, and thus the internal luminosity of the central heating source. The external heating by the ISRF compared to the internal heating is not negligible especially in the early embedded phase and in low luminosity sources (Dunham et al. 2008) .
The AKARI/Far-Infrared Surveyor (FIS) All-Sky Survey Bright Source Catalog combined with precedented catalogs such as those by the Spitzer observations provides a useful tool to investigate the importance of the FIR fluxes in the calculations of the evolutionary indicators of YSOs, such as T bol and L bol /L smm . In this paper, AKARI/FIS All Sky Survey Bright Source Catalog is used to investigate the importance of the FIR fluxes on the evolutionary indicators of YSOs, T bol and L bol /L smm . In addition, we model the SED of one YSO to study how the FIR fluxes can constrain the internal luminosity and the ISRF strength around the YSO. This paper is structured as follows. In section 2 and 3, the catalogs used in this study and the criteria adopted to select our sample YSOs are introduced. The evolutionary indicators of YSOs are summarized in section 4. We calculate those evolutionary indicators of our samples and present the results in section 5. The dust continuum modeling of the SED of one sample YSO is presented in section 6, and the summary and conclusions are followed in section 7.
CATALOGS
In this study, we use various infrared point source catalogs. All of them, except for one from the observations with Spitzer Space Telescope, were obtained through the all sky survey.
InfraRed Astronomy Satellite (IRAS) Catalog
IRAS was launched on January 26, 1983 with a cooled 57 cm telescope for all-sky survey in 4 bands (12 µm, 25 µm, 60 µm, and 100 µm). The typical aperture size in each band is 3.5 ′ , 3.5 ′ , 3.6 ′ , and 4.7 ′ , respectively (Wheelock et al. 1994) . Through IRAS all-sky survey, 72% of the sky was observed with three or more hours-confirming scans, and 95% was observed with two or more hours-confirming scans (Neugebauer et al. 1984) .
Two Micron Sky Survey (2MASS) Catalog
Observations of the Two Micron Sky Survey began in 1997 and were accomplished in 2001 with the two telescopes located in the northern and southern hemispheres. The survey was performed for the entire sky using photometry system of 3 bands, i.e., J (1.235 µm), H (1.662 µm), Ks (2.159 µm). The aperture size in all bands is 2.5 ′′ (Skrutskie et al. 2006 ).
The c2d Spitzer legacy YSO Catalogs
The Spitzer Space Telescope (SST) was launched in 2003 which has three instruments, i.e., the Infrared Array Camera (IRAC), the Infrared Spectrograph (IRS), and the Multiband Imaging Photometer for Spitzer (MIPS). The IRAC has four bands (IRAC1, IRAC2, IRAC3, and IRAC4), which have central wavelengths at 3.6 µm, 4.5 µm, 5.8 µm, and 8.0 µm, respectively, and the beam FWHM is 1. 
AKARI (ASTRO-F)/FIS Bright Source Catalog
AKARI, launched on February 2004, is a cooled 67 cm telescope with two focal plane instruments : the Far Infrared Surveyor (FIS) and the Infrared Camera (IRC). AKARI/FIS observed around 94% of the whole sky twice or more with a higher spatial resolution and a wider wavelength coverage than those of the previous all-sky mission, IRAS (Kawada et al. 2007 ). Due to the higher resolution of AKARI/FIS observations, AKARI/FIS could resolve the background and the source more effectively than IRAS (Jeong et al. 2007) . The FIS performed the all-sky survey with 4 photometric bands (N60, WIDE-S, WIDE-L, and N160) which have an effective wavelength at 65 µm, 90 µm, 140 µm, and 160 µm, respectively. The beam FWHM of each band is 37 ′′ , 39 ′′ , 58 ′′ , and 61 ′′ , respectively (Kawada et al. 2007 ).
DATA CRITERIA
The sample YSOs selected for this study satisfy three criteria: 1. They are listed in the c2d catalogs, 2. Their MIPS2 70 µm fluxes are greater than 1 Jy, and 3. They are detected by the AKARI but not by the IRAS.
We use YSOs from the c2d YSO catalogs as our study targets. Considering the sensitivity limit of the AKARI/FIS, only those YSOs with 70 µm fluxes greater than 1 Jy are used. The Key catalog for this study is the AKARI/FIS Bright Source Catalog since the goal of our study is to understand how FIR fluxes affect the properties of YSOs derived from observations. The IRAS catalog could be used to study the effect of the FIR, but we adopt the AKARI/FIS catalog 
a Fluxes of the flux density flag smaller than 2 are not considered.
since the AKARI resolved the point sources effectively due to its higher resolution (Jeong et al. 2007 ) and absolute calibration errors are expected to be less than 20% in all bands (Yamamura et al. 2010 ). In addition, most of 100 µm fluxes for YSOs matched with IRAS do not have a good flux quality. Therefore, we have used only AKARI/FIS sources with a good flux quality for our study. Besides, previous studies of those YSOs detected in AKARI but not detected in IRAS have been conducted without the FIR data. Therefore, it is meaningful to compare previous studies with our study, which includes FIR fluxes. We carry out cross correlation with 6 ′′ among catalogs based on the coordinates provided in the c2d YSOs catalogs considering positional uncertainties (Yamamura et al. 2010) . There is little flux dependency of the position error on the current flux range of the sample. The AKARI/FIS catalog provides the flux density quality flag, which indicates whether observed flux density is reliable or not. For our study, we use only the fluxes flagged as "reliable" from "confirmed" sources (Yamamura et al. 2010) . Based on these criteria, 28 YSOs have been selected as our study sample, as listed in Table 1 . The flux densities and their errors of these 28 YSOs are presented in Table 2 and 3.
EVOLUTIONARY INDICATORS
In order to classify the evolutionary stages of YSOs, a few evolutionary indicators have been used. We summarize them below.
Spectral Index
Since Lada & Wilking (1984) recognized that the SEDs of YSOs were falling into natural groups, Lada (1987) first codified the tripartite class system using the spectral index (α) between 2 and 20 µm: where λ is the wavelength and S λ is the flux density at that wavelength. The boundaries of class system by Lada (1987) are as follows: I 0 < α ∼ < 3, II -2 < α ∼ < 0, and III -3 < α ∼ < -2. After the tripartite class system by Lada (1987) was introduced, the class system has been improved by Wilking et al. (1989) , André et al. (1993 André et al. ( , 2000 and Greene et al. (1994) who formalized the 4-class system, as follows: I 0.3 ∼ < α, Flat -0.3 ∼ < α < 0.3, II -1.6 ∼ < α < -0.3, and III α < -1.6.
Although this class system was based on the slope between 2.2 and 10 µm, they asserted that these classes showed no systematic deviations from classes based on the slopes between 2.2 and 20 µm. The c2d catalogs provide a least-squares fit to all photometry between 2 and 24 µm to determine the spectral index (α) and classify objects into the four classes defined by Greene et al. (1994) (Evans et al. 2009 ). We use α provided by the c2d catalogs as an evolutionary indicator of our selected YSOs.
Bolometric Temperature
Myers & Ladd (1993) suggests T bol as a measure of the circumstellar obscuration and evolutionary development of a YSO. We calculate the bolometric temperature (T bol ), which is the temperature of a blackbody having the same mean frequencyν as the observed con- tinuum spectrum, using the prescription given in Myers & Ladd (1993) ,
where ζ (n) is the Riemann zeta function of argument n, h is Planck's constant, and k is Boltzmann's constant. The mean frequencyν is the ratio of the first and zeroth frequency moments of the spectrum,
Chen et al. (1995) showed that evolutionary classes, including class 0, ranged depending on T bol as follows: 0 T bol < 70, I 70 ∼ < T bol ∼ < 650, and II 650 < T bol ∼ < 2800.
The ratio between L bol and L smm
The ratio of bolometric to submillimeter luminosity (L bol /L smm ) can be an evolutionary indicator of YSOs, especially in the early embedded phase (André et al. 1993 ). L bol is calculated by integrating over the full observed SED,
while the submillimeter luminosity is calculated by integrating over the observed SED for λ ≥ 350 µm,
where S ν is the flux density and D is the distance. Young & Evans (2005) The spectral index α is calculated without the FIR data so that it cannot be used to subdivide the embedded stage into Class 0 and Class I. However, T bol and L bol /L smm have ability to distinguish Class 0 from Class I. A drawback to using L bol /L smm is in the lack of the complete data set at λ ≥ 350 µm in many YSOs.
RESULTS
We calculated T bol and L bol of 28 YSOs selected by the criteria presented in section 3 in both cases of (1) only with NIR and MIR and (2) including the AKARI-FIR data as well. Table 4 lists the spectral index provided from the c2d catalogs and T bol and L bol calculated by integrating the observed flux density within the wavelengths covered by observations. We calculated the internal luminosity (L int ) listed in Table 4 using the equation presented in Dunham et al. (2008) :
where F 70 is a flux density at 70 µm in cgs units (ergs cm −2 s −1 ) and normalized to 140 pc. This equation is derived using the results of the linear least-square fit to the modeled L int versus F 70 in log-log space. Since F 70 is an observable quantity, the correlation they found between F 70 and L int can be used to estimate L int for sources which either lack sufficient data to constrain radiative transfer models or have such data but have not yet been modeled.
We compare the values of T bol of the 28 YSOs calculated with and without the AKARI FIR fluxes in Fig. 1 . According to α, 20 out of 28 YSOs are classified as Class 0/I. As mentioned, in the previous section, however, α cannot subdivide the embedded phase. Therefore, for the detail study of the early embedded YSOs, we need to use T bol and L bol /L smm . As presented in Fig. 1 , class 0 and class I objects can be divided based on T bol ; T bol < 70 K for class 0 and T bol > 70 K for class I. When the FIR fluxes are not included in the calculation of T bol (the left panel of Fig. 1 , see Table 4 for the whole samples), 5, 19, and 4 YSOs are classified to class II, class I, and class 0, respectively. However, when we include the FIR fluxes in the calculation of T bol (the right panel of Fig. 1), 3 , 15, and 10 YSOs are classified to class II, I, and 0, respectively.
That is, 6 YSOs are reclassified to class 0 from class I, and 2 YSOs are reclassified to class I from class II. As a result, YSOs detected in the FIR wavelengths are mostly (25 out of 28) embedded. This comparison shows that the FIR fluxes are very important to know the evolutionary stages of YSOs, especially for the embedded ones. Fig. 2 and 3 present the same comparison but for L bol . When the FIR fluxes are included in the calculation of L bol , the values of L bol of 10 YSOs increase by more than a factor of 2. Two of them (sources 4 and 18) even increase by more than a factor of 4 in their values of L bol . This change in L bol possibly increases the ratio, L bol /L smm , resulting in different evolutionary stages of the YSOs. According to our comparisons in the calculations of T bol and L bol with and without the FIR fluxes, we can see how important knowing the FIR fluxes of YSOs, especially the embedded ones, is.
ONE-DIMENSIONAL DUST RADIATIVE TRANSFER MODELING
The original radiation from the central source and circumstellar disk is scattered, absorbed and reemitted by the dusty material in the envelope. The embedded sources have thick envelopes, where most of mass resides, and which can be well described by a sphere. Therefore, in order to get the detailed information on YSOs, the emerged SED must be modeled. In this study, we modeled the SED of a YSO using a 1-D radiative transfer code to test how the FIR fluxes can constrain the physical parameters of the YSO. The selected YSO for this test is the source 13 in Table 1 . Its Spitzer source name is J033317.9+310932, and it is located in a large molecular cloud, Perseus. As listed in Table 4 , L bol is ∼1.2 and ∼3.0 L ⊙ when calculated without and with the FIR fluxes, respectively. In the early embedded phase, the heating by the ISRF cannot be ignored compared to the heating by the central source . Therefore, in order to know the accurate internal luminosity, which is a crucial quantity to understand the formation mechanism of the protostar, separately from the ISRF luminosity, we must model the observed SED.
J033317.9+310932 was not detected by the 2MASS observations. This source is listed as Bolo 80 in the Bolocam survey of Perseus for 1.1 mm dust continuum emission (Enoch et al. 2006) . The observed fluxes and calculated T bol and L bol of this YSO are listed in Table 2, 3, and 4. We use the one-dimensional radiative transfer code, DUSTY (Ivezic et al. 1999) to model the SED of J033317.9+310932. The program, ObsSphere (Shirley et al. 2002) is then used to match the results from DUSTY with the actual observed fluxes at wavelengths longward of 100 µm. ObsSphere calculates the fluxes emerging only from the envelope, which is the dominant flux source at long wavelengths, based on the physical conditions derived from DUSTY. Refer to Dunham et al. (2006) for the detailed description of the model input parameters.
We modeled the SED with and without the FIR fluxes and compared the derived properties of the central heating source (star/disk) and the envelope. The envelope is assumed to have a power-law radial density profile [n(r)∞r −p ]. We have tested the envelope model by changing the p parameter from 1.5 to 2.0. According to the inside-out collapse model (Shu et al. 1977) , the density profile has the power of 1.5 and 2 at radii smaller and larger than the infall radius, respectively. The heating sources for our model are the internal star/disk system and the ISRF. In general, since cores with YSOs are embedded in bigger clouds, the ISRF reaching the surface of a core is attenuated by the surrounding material. We tested various attenuator of the ISRF, which is parameterized by the visual extinction (A V ) since the UV field strength of the ISRF relative to the local ISRF, G 0 is given by e −1.8AV (Lee et al. 2004) .
For the dust opacity, as many studies did (Shirley et al. 2002; Young et al. 2003; Evans et al. 2005) , we adopted the OH5 dust model, which is for the thin ice mantles coagulated for 10 5 years at a gas density of 10 6 cm −3 (Ossenkopf & Henning 1994) . To find the best-fit envelope model we calculated the reduced χ 2 (Dunham et al. 2006) ,
where S obs ν (λ i ) is the observed flux density at λ i , S mod ν (λ i ) is the simulated flux density from this model at same wavelength, and σ ν (λ i ) is the uncertainty in the observed flux density. And n is the number of the data points, so the model with the FIR fluxes has four more data points than the other model without the FIR fluxes for the case of J033317.9+310932. Fig. 4 shows the best-fit model without the FIR fluxes. The model parameters of this model are listed in Table 5 . The best-fit model does not match very well the observed 8 and 24 µm fluxes. This is possibly because the disk emission is not well modeled with our 1-D calculation. As seen in Fig. 4 , this best-fit SED cannot match the AKARI fluxes. According to this best-fit model, the ISRF is completely obscured by surrounding medium, and the internal luminosity is about 3.8 L ⊙ . Table 5 . The internal luminosity increases ∼25% compared to the model without the FIR fluxes, and a higher UV field strength of the ISRF is necessary to fit the AKARI fluxes. The model SED shows that the peak of the SED is located at the wavelength of ∼160 µm, which is the longest wavelength of the AKARI FIS. In order to constrain the SED better, however, observations at longer wavelengths than the AKARI bands are necessary.
The density (upper panel) and temperature (lower panel) distributions of the envelope with radius for the best-fit models with (blue solid line) and without (red dashed line) the FIR fluxes are presented in Fig. 6 . Since AKARI FIR fluxes listed in the catalogue are not color corrected ones, we applied color correction to AKARI FIR fluxes by using our modeled SEDs. The variation of color correction factor in our models does not exceed 10%. The envelope density profile of the best-fit model with the FIR fluxes has the power of 1.9, which is similar to the density profile of the static envelope in the Shu's inside-out collapse model. This result might indicate that J033317.9+310932 is in a very early stage of collapse, so the infall radius is still small.
The physical parameters for the best-fit model with the FIR fluxes show differences from those for the bestfit model without the FIR fluxes. As mentioned above, the power of the density profile is different in the two models. In addition, the envelope mass of the bestfit model with the FIR fluxes is about two solar mass greater than the best-fit model without the FIR fluxes.
Other important parameters are the internal luminosity (L int ) and the UV strength of the ISRF (G 0 ), which are two heating sources of the envelope. According to our test, L int and G 0 , constrained by the SED modeling, are probably close to L int = 4.7 L ⊙ and G 0 = 0.4 rather than L int = 3.8 L ⊙ and G 0 = 0. Here, G 0 = 0.4 is equivalent with the UV field attenuated by A V = 0.5 mag.
SUMMARY AND CONCLUSIONS
We tested the effect of FIR fluxes in classification of the evolutionary stages of YSOs and in calculation of the internal luminosity as well as the UV strength of the external heating source, the ISRF. Twenty eight sample YSOs, which have their counterparts only in the AKARI/FIS Bright Source Catalog, were selected from the c2d YSO catalogs. First, we calculated an evolutionary indicator, T bol , and found that 6 objects, which are classified into class I when only Spitzer fluxes were used, were reclassified into class 0 when the AKARI FIR fluxes were included. Two objects, which were classified into class II when only the Spitzer data were included, were also reclassified into class I. This result shows that the FIR observations are very important in the classification of the evolutionary stages of the early embedded YSOs since they emit most of their energy at the long wavelength regime.
In order to test how the FIR fluxes constrain the physical structure of the envelope, the internal luminosity, and the UV strength of the ISRF, we modeled the SED of one of our sources. In the early evolutionary phase, the external heating by the ISRF can not be ignored compared to the internal heating.
According to our dust continuum modeling, when the FIR fluxes are included, the density profile of the envelope is steeper (p=1.9 compared to p=1.6) indicating most of envelope material is possibly static, that is, the infall radius is very small in the sense of Shu's inside-out collapse model. The estimated internal luminosity is constrained to 4.7 L ⊙ when the FIR fluxes are included (compared to 3.8 L ⊙ obtained when the FIR fluxes are not included). The UV strength of the ISRF is G 0 =0.4 (attenuated by A V = 0.5 mag) in the model with the FIR fluxes, but in the model without the FIR fluxes, the ISRF needs to be completely attenuated (G 0 =0). Our modeling result also indicates that fluxes at FIR and even longer wavelengths are crucial to better constrain the physical parameters of embedded YSOs.
